In this paper we consider the single facility location problem with respect to a given set of existing facilities in the presence of an arc-shaped barrier. A barrier is considered a region where neither facility location nor travelling is permitted. We present a mixed-integer nonlinear programming model for this single facility location problem. The objective of this problem is to locate this single facility such that the sum of the rectilinear distances from the facility to the demand points is minimized. Test problems are presented to illustrate the applicability of the proposed model.
every real-world application and have more practical relevance than general facility location problems, but they have not been given much attention until lately. The location of a new warehouse with respect to a given set of distribution center or the location of public service centers are only some examples for a wide range of potential applications.
[2]considered problem with circular barrier with Euclidean distance and this problem has been become one of the most considerable issues and is referred to as median problem with barrier. [3] considered two cases of forbidden and barrier regions and used the concept of visibility in a network with the location point as the source and also assumed some non-convex barriers functions to be convex. Then, they used a Simulated Annealing (SA) method for computing global optimal locations of new facilities. [4] generalized the results of [5] and provided arbitrary barriers with rectilinear distance which there was interaction between a facility and the existing facilities and among the existing facilities and suggested a suitable model for the finite size facility locations problems. They introduced a heuristic algorithm for solving this location problem. [6] considered rectangular barriers and facilities and considering barrier locations as variables and solved the new facility location problem using the contour line approach. [7] analyzed a similar problem with minimax objective and finite facility location and they presented a new concept to classify cells based on their cell corners.
[8] considered a line barrier with a specified number of flat screens which divided the plane into two subplanes where distance functions were measured by any metric. Travelling from one sub-plane to the other has to be through one of these passages. [9] used this approach that that the feasible region can be divided into some convex regions. [10] introduced the location problem with a probabilistic line barrier with rectilinear distance metric and designed a model for single facility location problem in the presence of barriers and proposed a solution methodology in which the feasible solution passages was divided into halfplanes. Here, we present a mixed integer nonlinear programming model for the single facility location problem in the presence of an arc-shaped barrier. The objective function is to minimize a total cost function consisting of the sum of costs directly proportional to the weighted rectilinear distances among new facility and existing facilities. This study is presented in the following sections. In Section 2, we provide preliminaries, including the related notations and definitions of the problem. In Section 3, a mixed-integer nonlinear programming model for the given problem is defined. A numerical example is provided in Section 4. Section 5 includes conclusions and further research directions.
Problem Definition
Let be a union of a finite number of barrier sets in 2 and = ℜ 2 / ( ) be the feasible region in 2 . Let = , , = 1 … , , indicate the location of the j th existing facility in the plane, and
.., m } show the set of locations for the m existing facilities. Considering two arbitrary points , , the p-norm barrier distance between two points is defined as: (X, Y) = inf {d (P): P a feasible X-Y path}, or in other words, the infimum of the lengths of all permitted paths (shortest path) between X and Y where P is a feasible path between two arbitrary points , and d (P) is the length of the feasible X-Y path. Consider ( , ) as the p-norm distance between two arbitrary points , . Generally, The two arbitrary points , are called p-visible if the barrier distance between the two points is equal to the non-barrier distance, , = ( , ), and they are named p-shadow from each other if , > ( , ). Consider a plane with m existing facilities and an arc-shaped barrier with length of arc . It is desired to add a new facility to the plane. Generally, the Weber problems with an arc-shaped barrier can be formulated as:
is the positive weight of the j th existing facility, EXj= (xi,yi). Consider an arc-shaped barrier which is part of a circle with radius of R and corresponding angle to the arc is . Here, the starting point of the barrier is denoted as Xs = (xs, ys). Fig.1 shows the facility location problem with an arc-shaped barrier.
In this model, we defined Ls as straight line which is passed from existing facility and new facility, and the equation of arc is considered based on related circle. As a result problem, 1 * , 1 * and 2 * , 2 * are the coordinates of the roots of solution quadratic equation from crossing Ls and arc, and ( * , * ) is assigned to one of this roots which is matched to considered interval based on shadow condition. According to shadow conditions, there are two routes for calculating distance between two points. In order to computation of shortest path between two points X = (x, y) and EXj = (xj,yj), variables ′ ′′ are defined as:
So, for solving the shortest permitted path between two points, , we have:
The equation of crossing the barrier arc with line (Ls) is a quadratic equation. For checking that crossing Ls and arc-shaped barrier has roots, we calculate variable as follow:
For specifying condition, define the binary variable is defined.
Proposed Model
The proposed model is to find the optimal location of new facility minimizing the total weighted rectilinear barrier distances. Here, the facility location problem with an arc-shaped barrier can be formulated as: The objective function (6) minimizes the weighted barrier distance between the facility and the existing customers. Constraint (7) guarantee equations from crossing Ls and arc have solution.
Equations (8) and (9) separate double root and dual root. Constrains (10) and (11) ensure that solutions from crossing are feasible. Constrain (12) guarantees that two points of new facility and 
exiting facility are in opposite vector according to barrier. Equations (13) -(20) define visible and shadow conditions. Constraints (21) guarantee which route is selected. In this constraint, 1 denote the angle (in radians) enclosed by the two line segments, which one is the straight line segment connecting x, y , (x , y e ) and another is the horizontal line segment which is passed point x, y , 2 denote the angle (in radians) enclosed by the two line segments, which one is the straight line segment connecting , (x , y s ), and the horizontal line which is passed point , ,
In Figure 2 , the example problem together with the optimal location of new facility in the case an arc-shaped barrier is shown. It is can be seen that the location of the new facility has been affected by the barrier. Optimal x-coordinate of new facility is same with optimal interval which is obtained when there is no barrier, but y-coordinate of new facility is changed.
Conclusion
In this study we defined the problem of finding a minimum point for a facility in the presence of an arc-shaped barrier. A nonlinear programming model is presented for the problem. Our objective was to locate a new facility such that the sum of the rectilinear distances in the plane from the facility to the demand points in the presence of an arc-shaped barrier is minimized. For showing performance of the proposed model, an example problem is provided.
